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FIELD ELECTRON EMISSION MATERIALS AND DEVICES 

This invention relates to field electron emission materials, and 
devices using such materials. 

In classical field electron em.ss.on, a high electnc field of, for 
.ample, V nV at the surface of a materia, reduces the thickness o 

the surface potential barrier to a point at which electrons can leave the 
material by quantum mechanical tunnelling. The necessary conditions can 
be realised using atomically sharp points to concentrate the macroscopic 
electnc field. The field electron emission current can be further increased 
t L a surface with a low work function. The metrics of field electron 
emission are described by the well known Fowler-Nordheim equation. 

There is considerable prior an relating to tip based emitters, 
w hich term describes electron emitters and emitting arrays which utilise 
field electron emission from sharp points (tips). The main ob.ective o 
workers rn the art has been to place an electrode with an aperture (the gate 
,ess than 1 urn away from each single emitting tip, so that the required high 
fields can by achieved using applied potentials of fOOV or less - these 
emitters are termed gated arrays. The first practical realisation of this was 
described by C A Spmdt, working at Stanford Research Institute » 
, California fl^U* P,*™™ » ^dt s arrays used 
molybdenum emitting tips which were produced, us,ng a self masking 
technique, by vacuum evaporation of metal into cylindrical depressions in a 
S1O2 layer on a Si substrate. 

to the 1970s, an alternative approach to produce similar 
25 structures was the use of directionally solidified eutectic alloys (DSE). DSE 
alloys have one phase in the form of aligned fibres in a matrix of another 
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■ be etched hi leaving the fibres protruding. After 
^ ^ s P^ced by ^nt.1 vacuum evaporation of 
etching, a gate structure P d f evapo rated material on 

insulating and conducting layers. ^ 
the tips acts as a mask, leaving an annular gap around 

, is the creation of gated arrays using 
An important approach is ^ 
PipU electron emission display* u 

.nanyorganisationsworld-w.de. 

u, with all tip-based emitting systems are their 
Major problems w ■* ^ M « High 

10 vulnerability to damage by ^ „ 

be gro wn on heated substrates from ^ „ require 

18 provide broad area field eimtters - that is, 
deliberately engineered tips. 

i4m461 {im)) that field electron ™ 
from hroad area d.amond films with electric f ^ h> ^ ^ 

20 ^^7— itl-a and the high 
negative electron affinity of the (HI, 

dens.ty of localised, accidental ^ „ 

79 w 1596-159 (1993]) although other exp 
Electron. Lett., 29, pp f° 

proposed. 

>h a high diamond content can now be grown on 
Coatmgs with K ^ ^ ^ 

room temperature substrates using 
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HomW , a» such processes ut,se ^ ^ * 

^anceoahe^s sopped, unp^e. 

rUe electron source a material that it calls 

dlsp la y (FED) 

University ot lexas. 
onto a substrate. 

From the 1960s onward another group of workers has been 
7 ■ s associatea wrth electrical breakdown between 

JI73 . „ M (,991 h ^ which , me a ^ nolsy 

cu rrent Hows untn a ««- ^ ^ ^ 

cur rent starts « ^ ^ ^ ^ ^ ^ ^ 

s^ewahelectncf^ ^ ^ key to 

„ pctac it tnggers an ^ ^ ^ ^ q{ ^ pre . 
improvrng voltage ^ ^ that the active srtes are 

TTtl^l (MW) struct.es formed b y embedded 
elth er flakes staing on insulating patches such as 

aielectnc parades nd , ^ ^ ^ ^ ^ ^ 

20 the su rfac= osrde of he m^ ^ ^ 

etar ° n ^ Wrier. This is well deseed in the 

:::::: uL, * «~ — — • — 

Press (/95>5j. 

figure fa of the accompanymg diagrammatic drawmgs shows 
' ns in which a conducting flake is the source of 
one of these suuauons m whrc ^ ^ ^ 

• • Thr flake 203 sits on an insulating y 
emission, lne na^c ^ 
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u v. field is places a high electrical field across 
substrate 201 and probes the field. P Thls vollage 

to^^^**""*^* a critical field the 
probing has been^medthe ^tenna^ ^ ^ ^ 

insulating layer 202 changes for ^ a 

u „j ?04 A proposed energy level oiag 
conducung channel 204. V xcompwyitlg diagrammatic 

AtaaA 1S shown in Figure 2U in the me tal 

drawings. In this model electrons 2!2 near th ^ ^ 

can tunnel from the metal 210 mto *e ~ < « ^ ^ 

■ f u until they are near the surface. The mgn 
penetrating held until th y ^ ^ to 

result from defects m the material. 

.hermtonicaUyoverthe surface potential harner HS^ P ^ ^ 

, these electrons 205 is shown in Figure 

16 ° f ^ SOUr : f th!rim inhiaily he intercepted hy the particle, it will 
proportion of them w! h is Kr0 . 

eventually charge up to a point at which the 

It is to be appreciated that the emitting sites referred to m this 
It is to app , nnr ,dically in small numbers, and 

work .e unwanted defects, „ ^ them . Fo r 

20 the main objective in vacuum msulatio ^ ^ ^ 

such unwanted and unpredictable emission. 
25 number of technologies (e.g. p«* accelerators) to improve 
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electron process and in 1988 ! compo site that created a 

, „/ ?r 200-204 (1988)), described a comp 

2i insukto r-vacuum (MIMlV) emitting 

high density of ^^^^ dispersed in an epo*y resin. 
site , Th e composite had conducting technique , 
.HeCoatin^asappHedtothe^acehystandardp 

lffipr oved the above MIMTV emitter by It t0 he 

organic insulator that both improved stabihty 
operated in sealed off vacuum device, 

W has yet been proposed to produce emitters 

licle IflV emitters in a controlled manner, 
conducting particle jvu 
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cost effective broad area field display P anels ; 

may be used in devices that include: field d«» ^ 

1 ,W5res such as electron MASEKb ana &y 
hlg h power pulse devices sue ^ ^ ^ Wystrons; 

field microwave tubes such as CFAs, ^ ^ x . ray 

flashx . ray tubes, triggered spark gaps and rela ^ 

sourc es for sterilisation; vacuum gauges; ion thruster 
par ticle accelerators; ozonisers; and plasma reactors. 

of the present invention there is 
According to a first aspect of A ^ ^ 

25 pr0 vided a method of forming a M ^ 
comprising the step of disposing on a substra 
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, a plurality of electncally conductive paries, each with 
,„auctive surface a plurality ^ , ocauon 

a layer of electncally — g mater.al d.spo^ a* ^ 
Ween said conductive surface and sa.d pan cK o ^ ^ 

between -id P-cle and the * ^ ^ ^ ^ ^ 

emls sion material is disposed, but » emisslon 
lo ca«ons, such that at least some of sa>d pan c^ ^ 
Slt es at sa>d first or second loeauons where satd 
material is disposed. 

Thus, m preferred embodiments of the inventio 
may b e formed so that a MfV channel is lenna 

effect enhances the electnc field across the . 

— height - „ - - ,«* * 

is equally possible to form a Mi ^ ^ 

part.de shape, ror approximately ten. ™e 

lirolt ed to a field enhancement factor j PP 

arr angement with the lower channel w.U usualty ? ^ ^ 

V0 uld find application .n pulsed power de.oe ^ 
and large electrostatic forces are the norm and very B 

are required. 

r -j ^Jrles normal to the surface 
PreferaUy the dimension of sald laye r of 

25 of the conductor is significantly greater than the 

insulating material. 

Preferably, sa.d dimension substantially normal to the surface of 
S aid panicle is at least tOtimes greater than said thickness. 
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£ , , mD , e the thickness of said insulating matenal 

dimens^n in the range lum to 10 um. 

There may be proved a substantially single layer of sa,d 

^surface in the range 0.1 ,m to 400 um. 
10 diamond. 

Preferably, said insulating matenal is an Organic material. 

. , . insu lating material comprises a glass, 

Preferably, sa.d „ ^ glassy material, 

,ead based glass, glass ceramic, melted gla 
cerarmc, oxide ceramic, oxidised surface, mtnde, n-d« I 
16 ceramic, diamond, diamond-like carbon or tetragonal amorph 

GW materials may be formed by processing an organ, 
al (« heating a polysiloxane) to obtam an inorgamc glassy 
precursor material (eg heating P y rnP description below, 

later,! (eg s^ca). Other examples are gI ven m the descrrp 

Each sa.d electncally conduce particle may be substanually 
20 symmetrical. 

• • narr \r\e may be of substantially 
Each said electncally conductive particle may 

rough-hewn cuboid shape. 

E ach said electncally conductive particle may be of substantially 

spheroid shape with a textured surface. 



PCT/GB98/03582. 



WO 99/28939 



-8- 

. { . u electro „ emission material as above may comprise a 
T • oarticles each having a longest dimension and 

the substrate. 

, ,, d electro „ emission material as above may comprise a 
A field electr ce ntre-tc-centre, 

plurality of conductive particles having 

ofatleasti.St.mesthe.smal.estd.mens.on. 

. . is or at least some of said parades 

are , selected from the group ^ ^ 

10 conduaors, graphite, silicon . 

^IH-Vcompoundsandlf-Vlcompounds. 

, mo st semiconductors and most electrical 
Most metals, most sem 

conduaors are suitable materials. 

f .miners with a lower channel, or emitters vmh a 
^Iret^ is partial* covered in said insulating 

^^^^^ f 

• i nartid es and said insulating material to form 
20 .n ink containing -d p«d- ^ ^ ^ ^ 

insulating layer, the propert.es o ^ 

„rWVi are caused to project 
have portions which ^ ^ ^ process . 

uncoated by the insulating matenal, as 

, . A ■ k is applied to said elearically conductive 
Preferably, said ink is app" 

25 surface by a printing process. 
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• „ inductive particle(s) and/or inorganic 
Sal d electrically J ^ ^ 

electrically insulating materia / h llter patterning. 

, • Wrate in a photosensitive binder to perm 
conductive substrate m'P 

( ,,id ink may be formed by, but not 

f articles or in situ chemical reaction, 
mixture of particles 01 

• 1 ™v then comprise a glass, glass ceramic, 
tv^ insulating material may then c * 

Ea ch said electrically conductive particle may compr.se a fibre 
10 ^ppedintoalengthlongerthanitsdiameter. 

, d oamcles may be formed by the deposition of a conducting 
I la ing layer and its subsequent patterning, either by 
Uyer upon said insula^ lay ^ ^ ^ „ sald 

selective etching or masking, to 
particles. 

u ^nlied to said conductive surface by a 
Said particles may be applied to sai 

spraying process. 

, • oxides may be formed by depositing a layer 

that subsequently crazes, oi 
Isolated raised flakes. 

Said conducting layer may be a metal, conducting element or 
compound, semiconductor or composite. 

■ i a. the step of selectively 

the particles by etching techniques. 
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-u ' of said sites over the field electron 
Preferably, the distribution of said 

emission material is random. 

i a „ r u p f; e ld electron emission 
Said sites may be debuted over the 
^enalatanave^edens.tyofatleast^c^. 

Said sites may be debuted over the field electron — 
„ 1 atIa V e r a g ede n s 1 tyo f at 1 east 1 0.mMO.^o rl Ocm, 

eml ss 10 n material is substantaiyumform. 

• ( iA sites over the field electron emission 
The distribution of said sites over 

u u , t be density of said sites in any 
serial may have a uniform, y such ^ ^ ^ ^ 

*-* area of imm diameter ot ^ ^ ^ 

average density of distribuuon of sites 
material. 

Preferably, the distribution of said sites over the field el^on 
■„a * circular measurement area of 1 mm m 
• • ^rprial when using a circuit 
emission material wu<- 

diame-ri. substantially Binomial or Poisson. 

■u ■ nf said sites over the field electron emission 
The distribution of ^ there is at least a 50% probability 

any circular area of 4 ,m 

of at least one emitting site being 
20 diameter. 

• f iA sites over the field electron emission 
The distribution of said sites over 

e ■ rh that there is at least a 50% probability 
mat enal may have a uniformity such that there ^ 

of « least one emitting site being located in any 

diameter. 
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A method as above .nay include - ° £ ^ 

■ v M containing panicles through a settling tank 

- T b, rr: : £ — - — - "—r 

^dwluch are then coated on said substrate. 

^« to a field elearon emission material 
The invention extends to a neio 

produced by any of the above methods. 

wording to a further aspect of the present invent*, there * 

. , , , , d electron emission device comprising a field electron 
proved a field dec ^ ^ ^ „ „ 

emission material as above, ana 

Lrrcfieldinordertocausesaidmaterialtoem, electron, 

A fold elearon emission device as above may comprise a 
( m itter catches of said field electron enussion 

Said apertures may be in the form of slots. 

• device as above may comprise a plasma 
A field elearon emission device as a 

M discharge device, silent discharge device, ozoniser, an 

reaCTOr ' ^r" gun, elearon device, .-ray tube, vacuum gauge, 

electron source, electron ^ , 

20 gas filled device or ion thruster. 

for operation of the device. 

The field electron emission material may supply a starting, 
triggering or priming current for the device. 



■ • "device as above may compnse a display 
A field electron emission device 



device 



10 



15 



■ ■ W.ce as above may comprise a lamp. 
A field electron emission device as 

Pre ferably, said lamp is substantially A«. 

• • n device as above may comprise an 
A field electron emission device 
ekctrod eplatesnpportedonins U latin g spacersintbefo 

StrUCtUre ' a , may be applied in patches 

— -ctron ^^^l^ 
^.econnectedinnsetoanapp! 

Preferably, said resistor is applied 
emitting patch. 

^ mav be provided under eacn 

emitting patch, sucn 

that oftberespectiveemittin gP atc, are 

Preferably, said emitter material and/or P P ^ 
„r more one-dimensional array of conQ 
disposed upon one or more ^ $o „ t0 

whi ch are arranged to be addressed by 
produce a scanning illuminated line. 

■ ■ d,vice may include said electronic 
Such a field electron emission device may 

20 driving means. 

i- -A t^lid or a vacuum. 
The environment may be gaseous, liquid, solid, o 

• • device as above may include a gettering 
A field electron emiss.on device as 

m aterial within the device. 
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P^r.^d^lna! is affixed to the anode. 

■ serial may be affixed to the cathode. Where the 
Said gettering matenal may 

• • material is arranged in patches, saiu & 
field electron emission material 
serial may be disposed within sa,d patches. 

ln 0 ne embodiment of the invention, a field emission display 

b the context of this specification, the term "spacer site" means a 
■ 1 for the location of a spacer to space an anode from a 
Slte ^ „ stable fo ^^^ slocatedattt at spacer site, 

cathode, irrespective ot whetner F 

Pr eferab,y, said spacer sites are at a regular or periodic mutual 

spacing. 

• • A^\ce as above, said cathode may be 
In a field electron emission device as aoov , 

luminescence at the anouc, 
the optically translucent cathode. 

It wi ll be appreciated that the electrical terms "conducting" and 
20 .. *1 be relative, depending upon the basis of their 

Watmg can , ctors have useful conducting properties and, 

measurement. Semiconductors have 

^ ;n the oresent invention as conducting partici 
indeed, may be used m the prese ^ 

•£• Pach said conductive particle nas an c 

context of this specification, each sai 
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/ j ( or ,UW at least 10 3 or 10 4 times) that 
conductivity at least itf times (and preferably at least 

of the insulating material. 

For a better understanding of the mvention, and to show how 
e.bodtments of the same/may be carried uuo effect, reference wi.l now be 
emBOQimc ; , 19 0 f t he accompanying 

5 made, by way of example, to Ftgures 2 
diagrammatic drawingsin which: 

F.gures 2a /nd 2b show respective examples of improved field 
electron emission materials; 

Figure 3 ulustrates a coatmg process, such as spm or blade 

Hgure 4 illustrates a process of forming particle, from a 
previously continuous film; 

Figure S illustrates the forming of a particle layer by a spraying 

processes; 

Figure 6 illustrates the forming of conductive flakes by the 
cracking of a previously continuous film; 

Figure 7 illustrates a process in which selected areas of an emitter 
m ay be deactivated by masking and etching; 

Rg ure 8 illustrates a gated field emrssion device using improved 

20 material; 

Figure 9a shows a field electron emission display usmg tmproved 
field electron emission material; 
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Figures 9b and 9c are detail views showmg modificauons of parrs 
of the display of Figure 9a; 

Figure 10. shows a flat lamp using an improved field electron 
emiss 10 n matenal and Figure 10b shows a detail thereof; 

Fig ure 1! shows two pixels m a colour display, utilising a triode 
system with a control electrode; 

Figure 12 shows an emitter material in which particles are of an 
active gettering material; 

Figure 13 illustrates a high convert efficiency field emiss 10 n 
n0 lamp with light output through an emitter layer; 

Fl gure 14 shows a sub-ptxel of an electrode system, where gate to 
emitter spacing has been reduced; 

Figure 15 shows an apparatus for removing large particles from 
field emitter ink dispersions. 

The illustrated embodiments of the mvention provide materials 
based upon an M!V emission process with improved performance and 
usability, together wrth devices that use such matenal, 

Figure 2a shows one embodiment of an improved matenal with 
conducting particles 223 disposed upon an insulating layer 222 on . 
20 .bstrate 221. Following the formation of electro-^med chant s as 
described above w.th reference to Figures la and lb, eiearon 2* ar 
emrtted from the bases of the particles 223 mto medmm 228 (oft 
vacuum). This arrangement produces a material that can supply a 
Slg mf,cantly higher current, before channel heating causes mstabmty or 



PCT/GB98/03582 



WO 99/28939 



10 



15 



- 16- 

• ic Preferably the insulator is 
cW known materials. 1 reierauiy 

t tsealed-off vacuum device, For insulating substrates, 
.arena! to be used in sealed ^ ^ be 

apphed by vane y $ ^ ^ ^ methods 

porcelain and glassware. 

Wmc field required to switch on the electro- 
The standing electric tieia 4 

• j i r L P ratio of particle height V^s 
fo rmed channels U determined by h^ ^ 

me asured substantially normal to the surface^ 

^ *e thickness 226 of the insulator in 4. J ^ ^ 

v. u 227 For a minimum switch on held, the 

h Lucting channels should be significantly less than the 
inS ulator at the conducting c ^ ^ 

• i u.;„l,r The conducting particles zzj « 
particle height. The ^ ^ a 

although not restricted to, the range 
narrow size distribution. 

fig ure 2b shows another embodiment of improved material* 

• , v. 23! are in electrical contact with conducting substrate 230 

which particles 231 are The thickness 235 of insulator 

and coated with a layer of insulator 232. ^ 
iayer at the upper enmity * of a suitable 

particle height 234 norma to * O J ^ ^ 

electric field conducting channdsH3 torm P 

rWroA areWn emitted into the medium 237. 
field enhancement. Electrof^ZJbar, 

v 3 structures of the kind illustrated in 
With reference to Figure 3, structure 

K oroduced by a flow coating process (e.g. spin coating) 
Figure 2a may be produced by ^tei, 
wh ere a fluid medium 302 contains an insulating 
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, • oartides 303 thTdue to their natural properties or 
or semi-conducting parades ^ ^ Qr 

— — SS( — i:r^ are exposed 30* - P~ - - 
dispersion containing the insu Tab le coating may be 

r ~ desired structures 3Ui. 
coating process to form the desire manu f lcC ured by 

effiploy ed, using for example equipment such 
ChungaiRoCo.LtdofJapan. 

, amoles of suitable insulating materials are: glasses, glass 

carbide, titanium carbomtnde, the Magn 

Such spin-on glass materials are typ r Howe ver, spin-on glasses 

20 used extensively in the semiconductor industry^ > ^ 
bas edupon otherchemical compounds may beusd.J S ^ 

lay ers are heated to reduce the organ, content or form 

products such as silica. 

™ size range. The critical issue is in tact to 
25 dispersion have a narrow size rang w m a small number of field 

the iarger partides from the mix since they form sm 
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„ at low fields. Because of the nature of field 

-i r - - - «. , . - 

JhS they fail — . A large number of less emissive sites is 
point at which tney classifying powders to completely 

preferable for device applications. Classify, g P 
5 emove the large fraction , difficult, especially in the si* ran 
Xing , slow and air dassification does not have a sharp cut-off. 

,-„n in a liquid medium is a useful technique but 
• Z S can lead to agglomerates whtch behave as 

recovering the particles by dry tanon that avoids 

large particles. Figure 15 shows a process usrng 
10 these probiems. The feed stock 2000 is either: 

the Uq uid insulator layer precursor such as polysiloxane spin on 

or the veh.de that wnl be used to form a subsequent disperse 

, w fritt together with the un-classified pamcles. 
of, for example glass tritt, togem 

• AA~\ ,n tank 2001 where it is kept agitated by 
The mixture is added to tanK ^uu 

• <„A , n tank 2004 via a metering valve or 
• , mm The mixture is passed to tanK w 
surrer 2002. The ^ ^ 

pump 2003 which adds liquid at a rate tn 

passage of the suspension across the settUng region 2112. Val 

• ■ ^ level in tank 2004. The larger particles 2005 settle 
adjusted to maintain the level in tan periodically 

... „f rhe tank 2008 where they may be peno 

out to the bottom of the tanK 

, ■ i „ 1 The class fied suspension 2006 passes o 
removed via valve 2011. ™ ^ ^ ^ 

20 10 and no. '"^^ of the inven tion, this process 
addition to its apphcauon m ^ ^ ^ 

^ "I " eh I 1 sealed by Tuck, Taylor and Utham «* 
^.te^other arrangements for either continuous or batch 
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in the art. 




Figure 4 shows an 
which a conducting substrate 



[alternative method of making an emitter in 
m has a layer of insulator 402 and conductor 



^T^cl;^ * advantageous to a,so remove the 
analogues 411. In some The natural 



whlch a conductmg s_ ^ ^ ^ ^ che 

40 , deposed upon u. Usm^ ^ ^ ^ ^ ^ 
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. , ■ , aver 413 from between the particle analogues. The natural 
msulaung layer 413 ^ 4M 

- dency t et t: ::::: 4 i . - 

States the «t of e ecu «s ^ ^ ^ 

^-^■^^'^li fabrication. For example the 

~T^£TJ£~* * — - conducting 

:r:drmetaiuld 
structures illustrated in Figure 2b. 

figure 5 show another way of making such emitters using 
spraying techniques. 

In the case of the structures illustrated m Figure 2a a conducting 
substrate 501 with an msulating layer 502 has particles deposited from a 
Source 505. Said insulatmg layer may be formed itself by a spraymg 

process. 

In the case of the structures iUustrated in Figure 2b the spraying 
, , directly onto a conducting substrate. An insulating layer 

table coating. me layer 
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i f«rt Clearly other techniques 
, m ro silica or to fuse the glass fritt. ^leany 

polysiloxane to silica oi 

may be used. 

There are two main variations of the spraying method. 

t The flux of particles 503 may impinge on the surface as a solid 
u- i Wlnwed by subsequent bonding to the 
with or without a liquid vehicle followed by q 

j , for example by a brazing, a fritting process, or the melting 
surface, for exampi y electrostatic spraying 

metal or insulator film. A traditional spray gu 

system may be used. 

2 A. flux of particles 504 may impinge on the surface with 
c * hond or may be molten at the moment 
suf f ici ent Wtic energy to for, *^J^ ^ ^ or 

of impact. Such conditions may, for example, 

plasma spraying. 

— i-. I -7J-„'• 1 :rr^-- 
• „ or rrack and relieve said stress by tlexing 

F „ „i. a- <^*-> * ™» """"" ' 

, -I .b.-k»"«'-'** 

25 approximately 1.8 times the particle diameter. 
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To facilitate even switch-on of emitting sites symmetrica, 
parad es,s U c h as th o S eo far ou g hhewncu b o idsll ape,ep r e f e rr ed. 

Alternatively, P— fibres, such as carbon fibre or fine wire 
u u ed into lengths somewhat longer than the* diameter. The 
Z :^ZZ^ - » * — **** during spin 

of the fibre determines the antenna effect. 

~v,„lr,<7v (e e elass microspheres) but 
Particles of the correct morphology (e.g. g * 

■ ■ mav be over coated with a suitable material by a w.de 
not composition may be over c 

range of processes including sputtering. 

A primary purpose of preferred embodiment, of the invent * 

■ ■ materials with low cost and high manufacturability. 
xo produce emitting materials with 

u ,,r for less cost-sensitive applications, the very g 
However for less ^ engineered 

conducts that ^J- - ^ ^ ^ can 

5 ::::: i-- - — - ° f * — 

formed channels. 

F1 ™re 7 showfc a useful process in wh.ch in Step ! a substrate 701 

, , er 702 and particles 703 has an area masked by a resist 
with insulator layer 70J ana pa M „: r i M In 

• 704 In Step 2 i selective etch is used to remove the particle, In 
coating 704. In Step ^ ^ ^ 

Step 3 the resist is removed to leave m 
properties. 

Hgure 8 shows a gated array using an improved field eiectron 
. . ■ for example, one of the materials as described above, 

emission mat a J ^ ^ ^ ^ ^ , fMg 

25 Emitter patches 19 are form ^ 
layer 18 is deposited, if required, by a process such 
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A perforated control or gate electrode 21 is 
non-vacuum technique . v dimensions are 

— — ^ration „ 

emltt er patch diameter W „ ^ the „n of 

5(im . Apc^^-^T TheelectronsS3arethenaccelerated 

^ Je lTm a Le range o f devices including: field electron 
current may be used in ^ ^ elec „ on 

emission display panels; high powe p 

rro«ed-£ield microwave tubes sucn * 
MASERS and gyrot- ^ ^ spark gaps 

, Hnear beam tubes such as Uy ^ ^ „ 

and related devices; broad area x ray 

^ ion tbrusters for space vehicles and particle acceptor, 

Kgu re 9a shows a field emission display based upon a diode 
• of the above-described materials - e.g. the material of 

arrangement using one of the 

18 Kgure, *^» ta A '^tL«^-^ 

parches 35 of the material. A. front ^ ^ ^ 

track 39 running by . outer rmg 3* and 

PaKheS : ;i tl e is slaled by a material 37 such as a solder glass. 
20 rile "Lted either through a pump.g tube or by fusmg the 
solder glass in a vacuum furnace. 

, , t Ma « 4i 42 applied in a crossbar 
Pixels are addressed by voltages 41, PP 
f V The field enutted electrons excite the phosphor patches. A drive 
fashion. The held em wave forms both reduces 

™n<Utine of pos tive and negative going w 
system consisting 01 p electron cs, and 

• r . i-U* cpmiconductors in the drive eiecuu 
25 th e peak voltage ratmg for he semi o ^ ^ 
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• u w that at which the field electron emission 

capability of semiconductor devices. 

An alternative approach to the diode arrangement is to utilise a 

simp licity on. y two pixel ^ how, a ^ 

may be scaled up to produce large d,p y ^ ^ 

su bstrate 120 has conducting track 121 ^ 

u r •„ ,he display. Such tracks may be deposited by va 
each line in the display- .„;„„„ we ll known to 

t echnioues coupled with standard lithographic 

^ skiUed in the art-, by printing using a « » ^ 

Patches 122 of an emitting material ^eg as as 
su ,table technics. V> ^ _ _ Ae 

5 T } 1 ir^s t ^ -e su,pixels in a Ked-Green-Blue triad. 

surface of the tracKS to 

• ii„;n although not limited to, the range ^ 

m (micromet er) to 70 ^ ^^.^ An insulating 

emitting material may be coatea The insulating 

20 ,ayer U3 is formed on top of the conducting tracks 

, 1M is Derfora ted with one or more apertures per pixel 

,ayer 123 is perfora ^ fey pnnang or 

the emitting matenal surface, P ^ 
other lithographic techn iq ue. Conducing track US 

^--^-^''^rit'SL. of the 

inS ulator 123 are cno The anode plate 126 of the display is 

for the mode system so produced. The *iode p 

• i • carers 128. Such spacers may be lormea 
supported on insulating spacers 
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• • or may be prefabricated and placed in position. For 
surface by printing or may P {orm of 

. • i «W1itv said prefabricated spacers may be made 
mec hanical stability, said p ^ ^ ^ ^ ^ ^ be 

a cross-shaped structure. A gap till 6 compe nsate for 

smpes 127 P cond ucting film as » usual m 

phos phors « ^^^V, voltages , th e ins.de o £ the anode 
cat hode r a y tubes or, fo low ^ ^ „ ot 

^ 1 U L interspace between - -We and 

limited to, indium tin oxide. 

anode plates is evacuated and sealed. 

Tne reader is directed to our copending application GB 97 

• tt u Fffprt Devices, in which 
22258.2 for further details of construing F.eld Effect De 

en.bodunents of the present mvention may be employed. 

A DC bias is applied between conducting strips 121 and the 
u A. The electric field so produced penetrates 
coaducti ng film on ^ ^ ^ ^ ^ by 

throug h the emission process aescnbed earUe, The 

field en.ss.on from the MIV ^ ^ t ^ 

DC voltage is set lowe than eo.u ^ ^ ^ 

20 .beaddressedbypulsmgoneoft t k ^ ^ 
othersto ^al-Katgives^ <^ S ^ ^ ^ ^ 

125 ar e .ased ^ tracks m « in t heir negative 

current ; tzt« ^ *■ ^ * - 

puls ed (ime addressed) 5 ^ that gI ves the desired current and hence p^el 
25 pulsed positively up to a value that g! 

brightness. Clearly other driving schemes may be used. 
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To mmhmse the cost of ^drive electron^, gate voltage swings 
( te are needed. To meet this specificate, the apertures 
of a few tens of volts are neede ^ 
in th e gate electrode structures shown ,n F.gu. 

*kic results in many emitting ceu> ^ r 
With circular apertures, th s e^t ^ ^ ^ ^ 

An alternative arrangement for such sm 
small emitting cells into slots. 

Figu re 14 shows one sub-pixel of such an electrode system, 
, to emitter spacing » has heen reduced to a few 

where the gate to 1 oo w<> slots 183 in them, 

The eate 181 and insulator layer 182 have slots 
micrometres. 1 negates 

exposing the emitting material. 

a- \ w has been described, it will be 
Although a colour display has Deen 

thre e-pan pixel may he used to produce a monochrome 

To ensure a long life and stahle operating *~>^* 
»- must he maintained in the device. Xt has been norm m * « 
elecwon tuhes to use getters to adsorh -» , « 

emitting displays is around the penmete ^ ^ 

t. rW are no electrical feedthroughs. It is well 
w here there are n ^ ^ ^ ^ ^ S12e 

sUiU ed in the art that tins locau ^ ^ ^ 

increases. This is because of the low gas 

cent re and the edge of the panel - £ ^ ^ 

^Ihnetre ^^2- n this conductance drops to 
panels greaterthan a- mm g ^ ^ ^ ^ 

a level where the getter system 

a cathode plate with an array ot n 
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TU „ r u pr method is to make the 
^ of a bulk gettering material such as zircon 

£tH - - *- - — ^ 

them. 

In the perforated cathode plate approach, the perforates in the 

125 micrometers for televisio 

. ^ ~100 micrometers holes in 1 mm iu 
The cost of drilling nulhons of 100 true ^ 
, • ^^rprial for the cathode plate, is 7 
, thick glass, the obvous matenal to ^ 

r ohibitive Furthermore, the resultmg component w 

ln order to be effective at room temperature, bulk getters must 
Z Lace are, This is usually achieved by formmg a 
Wave a very h, h ^ ^ in a fid d emtaing display stts 

« ^redpa^culate lay e, T e ^ ^ ^ ^ 

in a strong accelerating DC Held. a 

continuously exciting one or more P 
20 to produce a visible defect in the display. 

«. rh, displays shown in Figures 9 and 11 a 
Turning now to the displays ^ 

using an active particle, or cluster p i2oo . $ 

, 1 Fieurc 12 shows one embodiment where a part 
described above. Figure us composition 
k trite 1201 by an insulating material 1202. ine co P 
25 fixed to a substrate 1201 by d ^ ^ 

of the insulating material 1202 may 

1 fl n area of exposed gettering material izuo 
arrangement leaves an area 01 r 
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part.de materials for gettering materials are « T divided Group £ 
lis such as Zirconium, Tantalum -d proprietary gette«ng alloys ^ 
example Zr-Al) such as those produced by SAES Geuers of Milan. 

A problem with all field electron emission displays is in 
Sieving uniform electr.cal characteristics from pixel to pixel. One 
loac i. to use electees that drive the pixels in a constant current 
mlde An alternative approach that achieves substantially the same 
ob) ect.ve is to insert a resistor of appropnate value between the emitter and 
' j ■ ■ : r This may be external to the device, 

a constant voltage dnve circuit. This may 

However, in this arrangement, the time constant of the resistor and th 
Stance of the conducting track array places a limit on the ratetha 
pi els can be addressed. Forming the resistor * *. between the ermtt 
patch and the conducting track enables low impedance 
Led to rapidly charge the track capacitance, giving a much shorter rise 
, H Sue! lanlstu resistive pad .is shown in Figure,, Theres^ 
pad may be screen pnnted onto the conducting track 34, although 
eating methods may be used. In some embodiments, the voltage drop 
acr0 ss the resistive pad 44 may be sufficient to cause voltage breakdown 
across its surface 45. To prevent breakdown, an oversize resistive pad 
!0 ma y be used to increase the tracking distance, as illustrated in Figure 9c 

Figure 10a shows a flat lamp using one of the above-described 
material, Such a lamp may be used to provide backUghting for li.uid 
crys tal displays, although this does not preclude other uses such as room 
lighting. 

o K„rk olate 60 which may be made of a 
25 The lamp comprises a back plate bu 

me ta, that is expansion matched to a light transmitting front plate 6, 

the back plate is an insulator, then a conducting layer 61 - applied. The 



PCT/GB98/03582. 
WO 99/28939 

-28- 

• ■ material 62 (eg as above) is applied in patches. To force the system 

uniform light source, each patch ,s electrically connected to the back pi 
Tes, or Such a resistor can be readily formed by an electrically 

I; have a larger area than the emitting patch, to * voltag 
Tldown across its thickness. The front plate 66 has a transparent 
ntulg layer 67 and is coated with a suitable phosphor 6, The two 
p . are sep Led by an outer ring 63 and spacers 65. The structure* 
led by a rlaterial 64 such as a solder glass. The device , evacuated e^ 
tube or by fusing the solder glass in a vacuum furnace. 

conducting layer 6, and the transparent conducing coating £ 
emitted electrons bombard the phosphor 68 and produce light, 
intensity of the lamp may be adjusted by varying the apphed voltage. 

For some applications, the lamp may be constructed with 
addressable phosphor stripes and associated electronics to provide > 
scanning line in a way that is analogous to a flying spot scanner, 
device may be incorporated into a hybrid display system. 

Although field emission cathodoluminescent lamps as described 
above offer many advantages over those using mercury vapour (such as cool 

A ■ stant start) they are intrinsically less efficient. One reason 
operation and instant start), tney a 

I this is the limited penetration of the incident electrons into 
losphor grains compared with that for ultravolet light from a mercury 
26 Lcharge. As a result, with a rear electron edited phosphor, m.h of th 
m produced is scattered and attenuated in its passage through h 
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onto winch the electron be,, in*-- * 

app ro X1 mately doubled. Hgure 13 — an arrangement - ««« 

to be achieved. 

to Figure 13 a glafcs pU* 170 has an optically transparent 
electncally conducting coatmll71 (for example, tm oxide) onto which „ 
led a>ayer o f UTV emil - as descried Herein. T*-~~ 
formulated to be substantial J optically translucent and, bemg compn ed o 
ra ndomly spaced parties, d es not suffer fro, the Mo.re partem^ 
the interference between a r< gular tip array and the pncel array of an LCD 
! ,d produce. Such a laye may be formed w.th, although not hnuted^ 
. heat Led po.ysUoxane bled spin-on glass as the insulatmg component. 
T coated lode plate de Led above is supported above an anode plate 
L spacers 179 and the stJture sealed and evacuated in the same manner as 
L I -wn m Hgure 0, The anode plate !77 which may be of glass 
ceramic P meta! or other sitable materia! has disposed upon rt a layer U 
electroluminescent phosp or !75 whh an optimal reflects layer 17 6 ch 
, ^ between J phosphor and the anode plat, A voUage 1 0 n 
the Hovolt range is ajued between the conductmg layer !71 and th 

.node plate 177 (or in thl - * — *" ' 

I reo ). Pie.d enuttedf electrons 173 caused by said applied voltage ar 
derated to the phoslor !7, The resuhmg light output passes ^ 
the translucent emittej 172 and transparent conductmg layer 171. An 
0 pt 1O na> Lambertran 1 non-Lambeman diffuser !78 may be^pos dm 
l opt.cal path. Similr approaches may be used to mcrease the lummance 
25 of addressable displays). 

Embodiments of the invention may employ thin-film diamond 
wlt h graphUe surface particulates that are optimised to meet the 
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f the invention - for example, by aligning such particulates, 
rnakmgthem of sufea ^ ^ ^ ^ ^ 

fllm dramond, th « , n appropriale embedments of the .nvent.on, 

^ imp ortant feature of preferred embodiments of the mvenuon 
is the abihty to prmt an em.tung pattern, thus enablmg complex mulu- 
ch as those reqmred for displays, to be created at modest 

Lend in a defined pattern. Examples of suitable processes are. screen 
~£ Xerography, photolithography, electron deposits spraymg 
15 or offset lithography. 

Devices that embody the invention may be made in all sizes, 
Varge and small. This applies especially to displays, .hich may range^nva 
S1 ie pixel device to a multi-pixel device, from mmrature to macros 
displays. 

■ , ,™„ m (ee MIV) structure, such a modification 
conductor-insulator-vacuum (.e.g. I flwtween 
facilitates the transport of electrons from the back contact (between 
25 I! or/electrode and insulator), through the msulator into the vacuum. 

example of a conductor-insulator-conductor (e.g. M!M> structure, 



i Kv aliening such particulates, 

— rr l — * - — ; 

film dmmond, the erobod iments of the mvention, 

the ability to print an enuttmg P"«* to be creat ed at modest 

emltte r patterns, such as those reared for ^ ^ 

cos , Fu «hermore, the abihty to pnnt - typically 

such as glass to be used; whereas rn^neere ^ ^ ^ 

Wh on high-cost angle crystal »*~ ffl emitting 

sp ecifica«on, printing means a process th* ^ ^ ^ 

serial in a defined patter, Examples ^ / spraying 
priming, Xerography, photolithography, electrostauc 
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or offset lithography. 

Devi ces that embody the invention may be made m * « 
, This applies especially to displays, wh.ch may range from a 

large and small. This appi * Mature to macro-size 

single pixel device to a multi-prxel dev.ce, from nu 

displays. 

• u Vermel" or "conducting channel", we 
In this specification, by a channel 

ro ean a region of an insulator .here - ^ • 

conductor-insulator-vacuum (e.g. M ) n 

, co nductor/electrode and insulator), t rough th^ 
In the example of a conductor-msulator-conductor (e.g 
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such . modiKcat-on « the ^ o f electrons rrom the ~ 

b this specimen, the verb "compose" has its normal 
, • mel g o denote non-exclusive inclusion. That rs, use of the 

iJ^tepoUo.alsoincW^.rtherWe, 
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